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Intercity roadsAbstract Literatures revealed that there are no accurate models that describe the relationship
between traffic steam parameters on intercity roads in Egypt. Therefore, the main objective of this
research was to develop these relationships. Traffic data of flow rate, speed, and density were col-
lected from three study sections in Cairo-Ismailia desert road and Cairo-Suez desert road, using
video-based measurement technique. Traffic data were collected during typical weekdays and week-
end. Samples were recorded in different times of the day to represent all conditions of traffic flow on
the selected road sections. Using the collected traffic data, the traffic stream models were obtained.
Different types of single and multi-regime models have been checked. Two criteria have been flowed
to differentiate between these models: statistical tests and logic of the output parameters. Based on
these tests, three-regime statistical models were found the best models to describe the relationships
among the different traffic stream characteristics. Analysis of these models showed that, the jam and
optimum densities are 167.77 and 61.72 pcu/km/lane respectively. The free-flow and optimum
speeds are 109.58 and 28.08 km/h respectively, and the lane capacity is about 1732.9 pcu/h/lane.
 2016 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Flow, speed, and density are the major macroscopic traffic
stream characteristics. Flow rate is a variable that quantifies
demand. It is the number of vehicles that desire to use a given
facility during a specific time period. Speed is an important
measure of effectiveness defining levels of service for manytypes of facilities [2]. Density is a critical parameter for uninter-
rupted flow facilities because it characterizes the quality of
traffic operations [2]. The relationships among these three vari-
ables are called traffic stream models.
Traffic stream models provide the fundamental relation-
ships of the major macroscopic traffic stream characteristics
for uninterrupted flow situations and for free flow and
congested flow conditions [1]. Traffic stream models are used
in many fields in transportation studies. These fields include
economic studies, transportation planning, and other. Litera-
ture review showed that there are no accurate traffic stream
characteristics models in Egypt. Therefore, the objective of this
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in Egypt.
The methodology followed to develop these models was
carried through four steps: data collection and reduction, data
processing, data analysis, and finally selection of the best
mathematical models. Two representative roads are considered
in the data collection: Cairo-Ismailia Desert Road and Cairo-
Suez Desert Road. Data are collected using video-based traffic
data collection technique. Samples are taken during typical
weekdays: Monday and Wednesday in addition to Thursday
where the traffic is more congested than any normal day. Traf-
fic flow is measured on each section at the middle of it. Speeds
are measured between two specific lines in each section. Den-
sity is calculated from flow and speed results. The relationship
between density, speed, and flow rate was developed through
two attempts: nonrelated traffic stream models and related
traffic stream models. Three types of models were tried for
the purpose of getting the best one: single regime, two regime,
and three regime models. Two statistical tests are used to check
the validity of each model: coefficient of determination and
Percentage of standard error of estimate.
This paper is composed of seven sections in addition to the
introduction. Section 2 covers the literature review. Section 3
explains the data collection procedure. Section 4 shows the
data processing. The data analysis is given in Section 5. Sec-
tion 6 introduces the best calibrated traffic stream model. Sec-
tions 7 and 8 give a brief conclusions and recommendations.
2. Literature review
There are several approaches to calibrate the traffic stream
models that were followed inside and outside Egypt. These
models are sometimes called the fundamental diagram between
the three traffic stream variables: speed, flow, and density.
In the first approach for developing traffic stream models,
Single regime two variable models, only two traffic variables,
e.g. flow and speed or flow and density, are considered in the
calibration process. In addition, only a single function is devel-
oped for the complete range of flow conditions including free-
flow and congested-flow situations. From these models Green-
shields’ model [1], Song Rui and Xue Xingjian model [3], El
Adawi’s model [4] outside Egypt.
Example of this type of models in Egypt is presented by the
Development Research and Technological Planning Center
(DRTPC) at Cairo University [5]. In this research, data were
collected for most intercity roads of Egypt. However, the
introduced models were a single regime models for each road
type with low value of coefficient of determination. Therefore,
these models cannot be used in various traffic studies because
it is not statistically justified.
Another example of single regime models in Egypt is the
one developed by El-Adawi [3]. El-Adawi developed two mod-
els that describe the relationships between speed, density, and
flow rate parameters of uninterrupted urban flow on elevated
roads in Cairo based on field data collected from the 6th of
October Elevated Road. Data on traffic characteristics such
as flow rate, speed, density, and headway were collected using
video camera on 60 m long section. However, these models are
developed in urban area and need to be updated.
The second approach, two variables two regimes, considers
two variables with two functions developed, each representingdifferent traffic conditions including free-flow and congested-
flow situations. Example of this type of models is the model
presented by Edie model [1].
Example of this type of models in Egypt is the one intro-
duced by Farag [8]. Farag used El-Adawi model that was
developed in 1993 after adjusting it to be suitable for the free
flow and congested flow conditions. In 2010, Osama [6] devel-
oped a two-regime statistical model that describes the relation-
ship among the different traffic stream characteristics of a
major multi-lane highway in Cairo based on field data col-
lected from the Autostrad Road. The considered time interval
for flow rate calculations is two minutes. This is something
that maligned the study, because time intervals between 5
and 15 min are appropriate for computing flow rates per hour
in order to ensure stable traffic flow rates.
The third approach considers two variables but with three
functions developed, two variables three regimes, each repre-
senting different traffic conditions including free-flow,
transitional-flow, and congested-flow situations, e.g. Ning
Wu model [7], and Farag’s model [8]. In the fourth approach,
all three variables are considered and only a single set of func-
tions is developed for the complete range of flow conditions
including free-flow and congested-flow situations, e.g. Van
Aerde model [9,10]. In the last approach, two different sets
of functions with the consideration of all three variables are
developed for these two different traffic conditions, e.g.
JunYao et al. model. These two functions can be estimated
either separately or jointly [11].
In this research, the first three approaches were used to
develop traffic stream models for intercity roads in Egypt.
3. Data collection and reduction
The objective of this part was to explain the data collection
procedure and preparation of the data for analysis. Data were
collected by using modified measurement over length of road
technique. During this stage, a pilot study was performed to
check the availability of the used technique and the suitability
of the selected study sections. The collected data were arranged
and processed to be in the suitable form to be statistically
analyzed.
3.1. Determination of study sections
The first step in the data collection program was the selection
of the roads, from which the data were collected. Two roads
were selected to represent the intercity roads in Egypt. The first
road was Cairo-Ismailia Desert Road and the second was
Cairo-Suez Desert Road.
The second step was the selection of the study sections on
the selected roads, from which the data were collected. The
selected roads were visited more than once to determine which
places were expected to get the data, which covers both free-
flow and congested flow conditions. Three study sections were
selected to obtain the required data. In the direction to Ismailia
in Cairo-Ismailia Desert Road, the first study section was
about 2 km past the entrance to El Obour city. In the direction
to Cairo in Cairo-Ismailia Desert Road, the second study sec-
tion was between El Obour city and the Ring Road. In the
direction to Cairo in Cairo-Suez Desert Road, the third study
section was just after the Ring Road.
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The data were collected using video-based traffic data collec-
tion technique. Before the actual field data collection took
place, it was essential to make a site investigation and pilot
study for many reasons: for choosing the best camera location,
to be familiar with the usage of camera, and to do the neces-
sary modifications based on the sample results. As resulted
from site investigation, the best location to mount the video
camera is a bulletin board next to the road in order to be a
bit high for the level of the road.
Videotaping recorded for about one hour to detect any mis-
takes that can affect data collection. The pilot study was con-
ducted during a typical weekday. A main issue came up during
the data processing; Small vehicles may be hidden by another
large vehicle during its passage through the section, as shown
in Fig. 1. This means that, the entering and/or exiting times
may be difficult to be accurately determined. As this incident
is frequent and its occurrence is repeated, the entering and exit-
ing times of the small vehicle are estimated based on those of
the large vehicle behind in which the small one is hidden.
In case of congested-flow conditions, when speed of vehicles
is very low, using one camera to obtain data leads to high per-
centage of error in the value of obtained flow rate, and thus the
value of density. Therefore, when data of congested-flow con-
ditions were collected from the second study section, another
camera from the opposite side was used for filming the road
from both sides. The two videos were displayed at the same
time to obtain more accurate value of the traffic stream flow
rate.Figure 1 A small vehicle is hidden behind large vehicle.
Table 1 Survey time and length of study sections.
Road Study section Date
Cairo-Ismailia road 1 Wednesday, July
Wednesday, July
Wednesday, July
2 Wednesday, Apri
Cairo-Suez road 3 Monday, April 29
Monday, April 29
Thursday, May 2
Thursday, May 23.3. Timing of data collection
Table 1 shows the used samples in the research. As shown in
Table 1, the samples were taken during typical weekdays:
Monday and Wednesday, and Thursday where the traffic is
more congested than any normal day because it is the last
working day in the week. The samples were recorded in differ-
ent times of the day and in different days of the week, to rep-
resent all conditions of traffic flow on the selected roads. Then,
the data were obtained from the recorded videos using the
computer by determining a certain starting and ending lines
as will be illustrated in the next sections. Table 1 also shows
survey times and the length of the study section for all sections.
4. Data processing
Videotapes were processed by tracing vehicle-by-vehicle move-
ment while crossing the specified section. In other words, each
vehicle was traced in time and space as it crossed the section.
In particular, the Time at which vehicle enters road section
(T0) and Time at which vehicle leaves the road section (T1)
were collected while processing the videotapes as shown in
Fig. 2.
The collected data from the camcorder were gathered in
Excel sheets, and then processed in order to obtain the three
macroscopic traffic stream characteristics: flow rate, speed,
and density.
4.1. Flow rate calculation
Traffic volume was measured by counting the number of vehi-
cles that pass a predetermined line in the middle of the study
section during time interval i–j. The time interval was taken
as five minutes, because time intervals between 5 and 15 min
are appropriate for computing flow rates per hour [12]. The
hourly flow rate was calculated by using the following
equation:Period Study section length (m)
04, 2012 7:30–8:30 25
04, 2012 9:30–10:30 25
04, 2012 13:00–14:00 25
l 10, 2013 15:45–16:45 25
, 2013 7:00–8:00 40
, 2013 8:30–8:55 40
3, 2013 16:50–17:40 50
3, 2013 17:45–18:25 60
Figure 2 Recording entering and exiting times.
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Pðvi  PCEFiÞ½   12
No of lanes
ð1Þ
where
q= the hourly flow rate, in (pcu/h/lane),
vi = the No of vehicles of type i which pass the study sec-
tion in the time interval,
PCEF i = the passenger car equivalency factor of vehicles of
type i.
4.2. Speed calculation
For each vehicle type, speed was calculated for a sample of
10% of vehicles crossing the study section during the time
interval. In order to make the sample representative and truly
random distributed, the sample has been distributed as much
as possible over each time interval with increment called t,
where t, in seconds. This time interval is calculated using the
following equation:
t ¼ 5  60
n
ð2Þ
where n is the total number of vehicles which were selected as a
sample to calculate the speed.
Space-mean speed was calculated using the following
equation:
us ¼ L
T
ð3Þ
where L is the length of the study section and T is the average
travel time of the selected vehicles to traverse the study section.
4.3. Density calculation
Density was calculated using the following equation [1]:
k ¼ q
us
ð4Þ5. Data analysis
The following sections present results of statistical analysis
performed on the collected data to describe the observed pat-
terns. The relationship between density, speed, and flow rate
was developed through the following two attempts: developing
nonrelated traffic stream models and developing related traffic
stream models.
5.1. Scatter diagrams
Scatter diagrams were plotted using the collected data between
speed–density, flow–density, and flow–speed, as shown in
Fig. 3. It is clear that the collected data cover a wide range
of flow rates, speeds and densities. This allows estimation of
good relations from statistical point of view as it will be
explained in the following sections.
5.2. Developing nonrelated traffic stream models
In this section, the relationship between the traffic stream vari-
ables, speed, density, and flow rate, was developed based onthe collected data by using the best fit curve technique and by
neglecting the basic relationship between the three variables [1]:
q ¼ k  u ð5Þ
The developed relationships were as follows:
u ¼ 112:594624  e0:025323k ð6Þ
q ¼ 0:1552  k2 þ 20:5264  kþ 957:1656 ð7Þ
q ¼ 0:475  u2 þ 50:0003  uþ 284:2028 ð8Þ
The developed relationships were not accepted because at
speed or density of zero, flow rate is not equal to zero. In addi-
tion, the problem was the difference of estimated values from
these equations with the same input. The two disadvantages,
which were mentioned previously, lead us to develop related
traffic stream models, as discussed in the following section.
5.3. Developing related traffic stream models
In this section, the relationship between the traffic stream vari-
ables, speed, density, and flow rate, was developed to achieve
Eq. (5), which relate the three variables. The followed proce-
dure was to develop the best fit speed–density relationship,
and then from this relationship and by using Eq. (5) the other
two relationships were developed.
Firstly, single-regime models were developed to represent
the relationships among traffic stream characteristics. Then,
two-regime models were developed. Finally, three-regime mod-
els were developed. After the data analysis process, a three-
regime traffic stream model was found to be the best model,
which represents the collected data.
6. Selection of the best trafﬁc stream models
The value of coefficient of determination of the developed
models (R2), and the percentage of standard error of estimate
of the developed models (PSEE) were used to statistically eval-
uate the mathematical models [13,14]. Also, the values of traf-
fic flow parameters, such as free-flow speed and jam density,
were used as a tool to select the best models, which represent
the collected data.
The best models, which represent the collected data are
shown in Fig. 4 and Eqs. (9)–(17). The speed–density model
has R2 and PSEE values of 0.977 and 7.1% respectively. The
flow–density model has R2 and PSEE values of 0.802 and
12.7% respectively. The flow–speed model has R2 and PSEE
values of 0.977 and 7.1% respectively.
6.1. Speed–density modelu ¼ 1:9491  kþ 109:58 at k < 28:11 pcu=km=lane ð9Þ
u ¼ 1540:17  k1 at 28:11 < k < 35 pcu=km=lane ð10Þ
u ¼ 28:0776  lnðkÞ þ 143:8302 at k > 35 pcu=km=lane ð11Þ6.2. Flow–density modelq ¼ 1:9491  k2 þ 109:58  k at k < 28:11 pcu=km=lane
ð12Þ
Figure 3 Scatter diagrams of the collected data.
Figure 4 Selected traffic stream models.
Development of traffic stream characteristics models 2769q ¼ 1540:17 pcu=h=lane at 28:11 < k < 35 pcu=km=lane ð13Þ
q ¼ k  ½28:0776  lnðkÞ þ 143:8302 at k > 35 pcu=km=lane
ð14Þ6.3. Flow–speed modelq ¼ e½0:0356uþlnðuÞþ5:1226 at u < 44 km=h ð15Þq ¼ 1540:17 pcu=h=lane at 44 < u < 54:79 km=h ð16Þ
q ¼ 0:5131  u2 þ 56:2208  u at u > 54:79 km=h ð17Þ
It is worth mentioning that the developed models by this
research tried to overcome negative points in previous research
in Egypt in the following points:
– Statistical test results for the developed models are much
better than previous models.
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ous studies in terms of section length and time period of cal-
culating traffic flow.
– Comparison between various regimes was introduced in this
research and the best one according to Egyptian conditions
is chosen.
7. Conclusions
Based on the analysis and discussion presented in the research,
the following conclusions can be pointed out:
1. There are some trials to develop traffic stream model for
Egyptian condition has been done before this research.
All these previous trials have problems in statistical test
results in addition to other problems. Therefore, traffic
stream models need to be updated.
2. Due to limited budget, two representative roads for inter-
city divided roads were included in the data collection pro-
cess: Cairo Ismaillia desert road and Cairo Suez desert
road.
3. Applying video-based traffic data collection technique is
suitable and has its advantage in developing countries such
as Egypt. It gives a great amount of data with a relatively
high accuracy. It provides means of obtaining a large sam-
ple of vehicles and permanent recording of their behavior.
It is cheaper than other techniques with respect to the quan-
tity of data collected.
4. Comparison between related and non-related traffic stream
models proved that related traffic stream model is better
than non-related traffic stream model.
5. For related traffic stream models, one regime, two regime,
and three regime models were compared for intercity roads
in Egypt. Results proved that three regime traffic stream
model is the best type of models that can represent traffic
stream models for divided intercity roads in Egypt.
6. Three regime traffic stream models estimated in this
research may be used in planning and designing various
traffic facilities. It should also be used in economic studies.
7. Based on the previously mentioned relationships, the lane
capacity was estimated as 1732.9 pcu/h/lane. This value is
relatively low if compared with the practical capacity of
HCM (2000 pcu/h/lane). However, the HCM depends on
ideal conditions, which is not our case in Egypt. In addi-
tion, the jam and optimum densities were estimated as
167.77 and 61.719 pcu/km/lane respectively. Also, the free
flow and optimum speeds were about 109.58 and
28.08 km/h respectively.
8. Recommendations
Based on the analysis and discussion presented in the research,
the following suggestions for further research may be stated:1. Collection of traffic stream characteristics using more accu-
rate techniques, which will be more expensive than the used
technique in this research.
2. Studying the effect of grade, season, weather conditions
and road alignment on the traffic stream models.
3. Determination of updated passenger-car equivalency fac-
tors to be used in analysis of traffic facilities in Egypt.
4. Extending the procedure introduced in this research to
include all types of roads is required.
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